Background -A study was 
Background -A study was carried out to analyse the impact of maternal asthma on the risk of preterm delivery and the contribution of preterm delivery to the development of childhood asthma. Methods -Two cross sectional community studies of 1872 children (5-11 years) In a study of children born in one week in 1970,' wheezing at the age of five was reported to be more common in those who were born prematurely or who were of low birthweight. There are a number of possible explanations for this; small, premature infants are more prone to respiratory illnesses in early life which can result in airways obstruction and impaired lung function.2 There is an effect of maternal smoking on preterm delivery, low birthweight, and infant lung function.3 Children of asthmatic mothers are at increased risk of atopic disease and bronchial hyperreactivity,45 and it has been suggested that maternal asthma may predispose to premature labour. 67 Hyperactivity of uterine smooth muscle could occur in women with bronchial hyperresponsiveness and 3 agonists might be beneficial in prolonging gestation. There is some evidence that asthmatic mothers not requiring inhaled I agonist bronchodilators during pregnancy have a higher incidence of low birthweight babies.9 However, a recent controlled prospective study did not significantly associate use of inhaled bronchodilators with preterm births, low birthweight, or adverse perinatal outcome.'0 These studies do not report on respiratory outcome in children for whom both perinatal outcome, parental history ofasthma, and smoking during pregnancy are known. This paper is a further analysis of a study designed to collect information on environmental exposures and respiratory symptoms in primary schoolchildren for whom we had data on perinatal outcome (shown as prematurity and birthweight), as well as current respiratory symptoms, 5-11 years later. We have analysed the impact of maternal asthma on prematurity and birthweight and the subsequent effect of all of these factors on the development of respiratory symptoms in children.
Methods

STUDY DESIGN
A cross sectional survey to determine the prevalence of respiratory symptoms in primary schoolchildren (5-11 years) was performed between October and December 1991 in three communities in Merseyside. Briefly, in 1991 a parent-completed questionnaire was distributed to every alternate child on the class register in five schools in each of the three communities. All communities were recognised as having major housing and unemployment problems, and one of the areas was known to be exposed to increased levels of air pollution. The general data and detailed methods are reported elsewhere." This survey indicated a probable association between maternal asthma and preterm delivery. In the same months of 1993 a second survey of a larger sample which included all children in the same school population was performed, using the same questionnaire, but with additional questions relating to pregnancy, history of smoking, and maternal Kelly, Brabin, Mulligan, Heaf, Reid, Pearson Contingency tables were analysed using hierarchical log linear modelling. Odds ratios calculated for the main effects of interest were adjusted for confounders using logistic regression. Potential confounders were of three main types: socioeconomic, environmental, and factors related to predisposition.
Results
In 1991 a total of 1872 questionnaires were returned out of 2035 sent to parents (92%). In the second survey in 1993 a total of 3746 out of 4288 sent to parents were returned (87%); 1093 children were surveyed on both occasions. Of the 1991 respondents 97 1% answered the question on preterm delivery and 95*9% provided their child's birthweight. In 1993 the figures were 97A4% and 96&8%, respectively. Response rates for the main respiratory variables in 1991 were 89-5% (doctor diagnosed asthma), 85-8% (wheezing), 86-6% (breathlessness), and 90-1 % (cough). Very similar response rates were observed for the 1993 survey. For parents who completed the questionnaire in both surveys the agreement between answers on prematurity and birthweight were 97% and 98%, respectively. The mean difference in birthweights that did not match was small (168 g). The agreement for respiratory symptoms was doctor diagnosed asthma (93-1%), wheezing (69-9%), breathlessness (62 1%), maternal asthma (89 7%), and paternal asthma (77 8%).
MATERNAL ASTHMA AND PRETERM BIRTH
In both surveys there was a significant increase in reported preterm delivery associated with maternal but not paternal asthma (table 1). Maternal asthma and smoking during pregnancy each increased the risk of preterm delivery. Table 3 shows the unadjusted odds ratios for the various categories of mothers. Asthmatic mothers who smoked were at the highest risk. Logistic regression was used to calculate adjusted odds ratios for the effects of smoking and asthma. This was done separately for the 1991 and 1993 surveys (table 4). In both 1991 and 1993 maternal asthma was the predominant risk factor for preterm delivery. "Any smokers in the household" was the only significant risk factor identified for the 1991 model. The 1993 survey showed that it was maternal smoking during pregnancy, rather than paternal smoking or other smokers in the household (that is, passive smoking), which was directly associated with increased risk of preterm delivery. There was no statistical interaction between maternal asthma and smoking, indicating that they had separate effects. Other health problems, allergies, and paternal unemployment -though significant when considered in isolation -did not have odds ratios significantly different from unity after adjustment for known confounders. Adding any more predictors did not significantly improve the models nor change the parameter estimates. Information on maternal parity was not available on the questionnaire and could not be added to the model. Maternal smoking during pregnancy was not associated with increased risk of delivering a baby that was small for gestational age (odds ratio (OR) 1 63, 95% CI 0 97 to 2-73).
PARENTAL ASTHMA, BIRTHWEIGHT, PREMATURITY, AND LATER CHILDHOOD RESPIRATORY MORBIDITY Adjusted odds ratios were estimated using logistic regression analysis of the data in table 5 and showed an effect of maternal asthma (OR 3-13; 95% CI 2-36 to 4-16); paternal asthma (OR 2-23; 95% CI 1-62 to 3 05), and preterm birth (OR 1-40; 95% CI 1 10 to 1-79) on increasing the risk of developing ever diagnosed asthma. Using the definition of asthma as the presence of cough, wheezing, and breathlessness, the analysis showed a similar pattern: maternal asthma (OR 3 30; 95% CI 2-17 to 5 03), paternal asthma (OR 1-94; 95% CI 1-16 to 3 25), premature birth (OR 1-89; 95% CI 1-29 to 2 76). A number of environmental, socioeconomic, and predisposing factors contribute to the risk of respiratory morbidity in children. These include other allergies and health problems, young age, sex (boy), parental unemployment, household dampness, rented accommodation, and geographical area. Adjusting for each of these variables the odds ratio for developing ever diagnosed asthma in preterm babies was 1-41 (95% CI 1-06 to 1-87), and for developing cough, wheeze, and breathlessness 1'82 (95% CI 1-15 to 2 88). Smoking during pregnancy or passive smoking was not associated with any of the respiratory outcome variables in univariate tests in the 1993 data. It was therefore not an important confounder ofthe relationship between preterm birth and later respiratory symptoms. Table 6 shows that infants in our survey born small for gestational age to either asthmatic or non-asthmatic parents were at reduced risk of developing asthmatic respiratory symptoms compared with full term normal birthweight babies. This difference did not reach statistical significance, the odds ratio for developing ever diagnosed asthma being 063 (95% CI 028 to 1-41) and for developing cough, wheeze, and breathlessness 0-37 (95% CI 0*05 to 2 73). These findings are of interest as the reduction in risk was consistent in the different groups and contrasted with the results for preterm infants. Only four preterm infants were above the 97th centile for birthweight at 37 weeks gestation. This distribution of birthweights for the preterm group is comparable to reference percentiles for premature babies and supports the validity of parental recognition of preterm delivery. The prevalence of reported preterm delivery was 14% in the 1991 survey and 13% in the 1993 survey. Both these figures are appreciably higher than previous surveys using prospective data. A stronger case for the causality of the associations would be demonstrated if the validity of the preterm delivery data was confirmed against original birth registers. Current work in this study population is examining this information.
Discussion
MATERNAL ASTHMA, SMOKING, AND PRETERM DELIVERY Biological and obstetric factors can play an important part in determining gestational duration. A recent meta-analysis identified 43 factors associated with preterm delivery,'6 but did not mention maternal asthma as a significant risk factor. Our analysis indicates a significant association between maternal asthma and preterm birth but, amongst preterm births, asthma does not increase the risk of low birthweight. This suggests that the effect ofmaternal asthma is primarily to shorten gestation to 34-37 weeks rather than leading to very preterm delivery. The regression analysis which controlled for socioeconomic factors identified maternal asthma in both the 1991 and 1993 surveys as a risk factor for preterm delivery. Hypotheses to explain the association of maternal asthma and preterm delivery remain to be elucidated. An attractive theory is that of uterine smooth muscle hyperreactivity in women with bronchial hyperresponsiveness. The effect of 0 agonists in inhibiting labour supports this hypothesis, and asthmatic patients not using 3 agonist bronchodilators during pregnancy have been reported to have a higher incidence of low birthweight babies.9 Our data cannot address issues such as whether it is the severity of asthma or its treatment or control that is important.
The 1991 survey showed smokers in the household as a significant factor in increasing risk of preterm delivery. The greater detail on parental smoking collected in 1993 showed that maternal smoking during pregnancy was the important risk factor and not the passive effects of paternal smoking. While it is well established that children who survive bronchopulmonary dysplasia have poor airway function at school age, the long term outcome for preterm infants who do not develop bronchopulmonary dysplasia has been little studied. This is particularly the case for preterm infants who are born with birthweights greater than 2-5 kg. Our analysis indicates that preterm, but not low birthweight, babies are at particular risk for developing childhood asthma. Of preterm babies born to asthmatic parents almost half have been diagnosed as asthmatic at some time by a doctor. Asthma diagnosed by a doctor at some time could significantly overstate the current problem so we also defined a group of children with the symptom triad of cough, wheeze, and breathlessness on the grounds that the occurrence of all three together was most likely to be asthma. This symptom triad is also highly significantly associated with having been born prematurely, although the absolute risk is about half the genetic risk from having asthmatic parents.
We observed that the risk of asthma (doctor diagnosed or cough, wheeze, and breathlessness) was greater for premature babies. Babies born at full term but who were less than 2 5 kg -that is, small for gestational age -were less likely than either full term normal weight or preterm babies to develop the symptom triad of cough, wheeze, and breathlessness or doctor diagnosed asthma. This did not reach statistical significance and the percentage of asymptomatic children is similar to that in children born appropriate for gestational age. Nevertheless, this observation may be worth studying in a larger cohort. Could it be that growth retardation in utero in some way protects against asthma?
The relationship of prenatal and early postnatal events to lung function and airways responsiveness in schoolchildren has been studied prospectively for infants with birthweights less than 2000 g.2021 In these studies a reduction in airway function was observed in low birthweight children which was associated with cough but not wheeze. More recent research indicates that birthweight is related to lung size and methacholine responsiveness, and that prematurity and smoking during pregnancy appear to diminish airway size and increase the likelihood of exercise-induced bronchospasm or of asthma diagnosis.22-24 A re-analysis controlling for confounding factors of the British National Birth Cohort of children born in one week of 1970 also confirms the original observations of Golding and Butler implicating low birthweight in the aetiology of childhood wheezing.2526
Studies relating passive smoking, low birthweight, and prematurity have been reviewed recently'9 but the interrelationships ofmaternal asthma, active versus passive smoking by the parents, prematurity, and birthweight have not been systematically studied. Thus, if maternal asthma leads to prematurity and also influences the development of asthma, it is likely that univariate analysis will show prematurity associated with childhood asthma. Our data show that prematurity remains important even when the parental asthma is controlled, and also that it is the prematurity that is relevant regardless of birthweight.
A recent review of the literature'9 cites 13 references that implicate smoking in pregnancy as a factor in causing wheezing illness in children. Our data suggest that paternal smoking (passive to the unborn child) is not significant after adjusting for maternal smoking. This is probably because maternal and paternal smoking incidence is highly correlated. Thus, passive smoking may be relatively unimportant and future studies should concentrate on maternal smoking. Active smoking results in nicotine and other vasoactive substances reaching the circulation which could affect the fetus.
Chan et al have suggested a model of the aetiology of chronic respiratory morbidity in childhood based on birthweight, maternal smoking, genetic, and environmental factors.202' They were unable to determine the relative importance of these factors because of the small size of their study. Analysis of our more extensive data suggests that several different pathways are involved in the development of recurrent cough and wheeze in childhood. Maternal asthma is associated with premature birth which is compounded if the mother smokes during pregnancy. Premature birth is associated with an increased risk of childhood wheezing and breathlessness, whether or not the parents are asthmatic. Maternal asthma is also associated with recurrent respiratory symptoms in children independently of whether the child is born preterm. Thus, it seems that there are several pathways by which asthma evolves.
Our results indicate the importance of preterm delivery in predisposing to recurrent cough and wheeze in children. If this is confirmed then it should be possible to target particular groups of mothers or preterm babies for intervention studies testing hypotheses related to causation. For example, premature babies of asthmatic mothers are at very high risk of childhood symptoms and would permit smaller longitudinal studies of asthma causation than would otherwise be possible. These are the obvious target groups upon which to test the effectiveness of interventions in the future.
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